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© Battery status Indicating arrangement 



© In an arrangement which is for use in an elec- 
tronic circuit controllably put into operation by a 
battery (20) and which Is for Indicating a consump- 
tion status of the battery, a measuring circuit (22) 
measures a totai time interval of operation of the 
electronic circuit A processing circuit (21, 27) pro- 
cesses the total time Interval Into a calculated status 
for the battery. An indicator (32) Indicates the con- 
sumption status based on the calculated status. The 
processing circuit may comprise a memory (21) for 
memorizing various current rates which are used In 
the electronic circuit and on which an arithmetic 
circuit (27) calculates the calculated status. Alter- 
natively, first and second measuring circuits (25, 26) 
may be used with first and second current rates 
£ji memorized in the memory for the first and the 
^second measuring circuits, instead of the measuring 
circuits, a summing circuit may be supplied with a 
^succession of the current rates repeatedly read out 
^of the memory to sum up a total amount of con- 
Assumed current consumed by the electric circuit. As a 
© further alternative, a counter counts down to obtain 
*^the total time Interval In response to a pulse se- 
Oquence of a pulse repetition period variable in pro- 
q_ portion to a varying level of electric current supplied 
HI from the battery to the electronic circuit 
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ACCURATELY INDICATING A STATUS OF CONSUMPTION OF A BATTERY BY WHICH AN ELECTRONIC 
CIRCUIT IS CONTROLLABLY PUT INTO OPERATION 



Background of the Invention: 

This Invention relates to a battery status in- 
dicating arrangement for use in an electronic cir- 
cuit 

An electronic circuit of the type described, Is 
typically a radio communication apparatus of a 
radio pager receiver, a mobile radio telephone set 
a mobile radio transceiver, or the like. The elec- 
tronic circuit is controllably put into operation by a 
battery. More specifically, the electronic circuit is 
controllably put into operation by electric current 
supplied from the battery. The battery status in- 
dicating arrangement is for indicating a status of 
consumption of the battery. 

A conventional battery status indicating ar- 
rangement comprises a voltmeter connected to a 
pair of terminals of the battery for measuring a 
voltage difference between the terminals and for 
indicating the voltage difference as the status of 
consumption of the battery. In general, the battery 
has not a linear characteristic of a voltage decrease 
relative to a total amount of the electric current 
which the electronic circuit consumes. The total 
amount of the electric current consumed by the 
electronic circuit is equivalent In meaning to a 
consumed quantity of energy which the electronic 
circuit consumes as the electric current Therefore, 
the conventional battery status indicating arrange- 
ment is defective in that it is difficult for a user of 
the electronic circuit to judge and guess with refer- 
ence to an indication of the voltmeter how long the 
electronic circuit can further be put into operation 
by the battery. 



Summary of the Invention: 

It is therefore an object of the present invention 
to provide a battery status indicating arrangement 
which is for use in an electronic circuit controllably 
put into operation by a battery and which is ca- 
pable of accurately Indicating a status of consump- 
tion of the battery. 

It is another object of this invention to provide 
a battery status indicating arrangement of the type 
described, which is suitable for indicating how long 
the electronic' circuit can further be put into opera- 
tion by the battery. 

Other objects of this invention will become 
clear as the description proceeds. 

On describing the gist of this invention, it will 
be possible to understand that a battery status 



indicating arrangement is for use in an electronic 
circuit which is controllably put into operation by a 
battery. The battery status indicating arrangement 
is for indicating a status of consumption of the 

s battery. 

According to an aspect of this invention, the 
battery status indicating arrangement comprises: 
(1) measuring means coupled to the electronic 
circuit for measuring a total time interval during 

to which the electronic circuit is put into operation, the 
measuring means thereby producing a time dura- 
tion signal indicative of the total time interval; (2) 
processing means responsive to the time duration 
signal for processing the total time Interval into a 

is calculated status for the battery to produce a status 
signal representative of the calculated status; and 
(3) indicating means responsive to the status signal 
for indicating the status of consumption based on 
the calculated status. 

eo According to another aspect of this Invention, 
the battery status indicating arrangement com- 
prises: (1) memory means for memorizing a current 
rate signal representative of a current rate at which 
the electronic circuit is controllably put into opera- 

25 tion: (2) current rate processing means responsive 
to the current rate signal for processing the current 
rate into a calculated status for the battery to 
produce a status signal representative of the cal- 
culated status; and (3) indicating means responsive 

30 to the status signal for indicating the status of 
consumption based on the calculated status. 



Brief Description of the Drawings: 

15 

Rg. 1 Is a block diagram of a mobile radio 
telephone set which comprises a battery status 
indicating arrangement according to a first embodi- 
ment of this invention; 

40 Fig. 2 is a block diagram of another mobile 

radio telephone set which comprises a battery sta- 
tus Indicating arrangement according to a second 
embodiment of this invention; 

Fig. 3 is a block diagram of an electronic 

45 circuit which comprises a battery status indicating 
arrangement according to a third embodiment of 
this invention: 

Rg. 4 is a block diagram of another elec- 
tronic circuit which comprises a battery status in- 

so dicating arrangement according to a fourth embodi- 
ment of this Invention; 
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Fig. 5 shows a graphical representation for 
use In describing operation of the battery status 
indicating arrangement of the electronic circuit il- 
lustrated In Fig. 4; and 

Fig. 6 Is a diagram for use In describing 
another operation of the battery status indicating 
arrangement of the electronic circuit illustrated in 
Fig. 4. 



Description of the Preferred Embodiments: 

Referring to Rg. 1, a battery status indicating 
arrangement according to a first embodiment of 
this invention is for use in an electronic circuit 
which is a mobile radio telephone set in the exam- 
ple being illustrated. The mobile radio telephone 
set comprises an antenna 11, an antenna coupler 
12, a receiving circuit 13, a transmitting circuit 14. 
a local oscillator 15, a speaker portion 16, a micro- 
phone portion 17, a controller 18, and a manually 
operable key Input portion 19. When put into the 
mobile radio telephone set, a battery 20 becomes 
capable of supplying electric current to the receiv- 
ing circuit 13, the transmitting circuit 14, the local 
oscillator 15, the speaker portion 16, the micro- 
phone portion 17, the controller 18, and the key 
input portion 18. 

The mobile radio telephone set is controllably 
put into operation by the key input portion 19. More 
specifically, the mobile radio telephone set Is con- 
trollably put Into a waiting or first mode of opera- 
tion when the key input portion 19 is manipulated. 
On carrying out communication, the mobile radio 
telephone set is automatically turned into a com- 
munication or second mode of operation. The wait- 
ing and the communication modes of the mobile 
radio telephone set will now be described. 

The mobile radio telephone set Is usually put 
into the waiting mode of operation under the con- 
trol of the controller 18. At the waiting mode, the 
controller 18 drives the receiving circuit 13 and the 
local oscillator 15 to put each of the receiving 
circuit 13 and the local oscillator 15 into an opera- 
tion state. In this event, the local oscillator 15 
supplies the receiving circuit 13 with a frequency 
signal which specifies a control channel. That is, 
the receiving circuit 1 3 can receive, through the 
antenna 11 and the antenna coupler 12, an Incom- 
ing signal which is sent through the control channel 
by a fixed or base station. 

Responsive to the incoming signal, the receiv- 
ing circuit 13 delivers the incoming signal to the 
controller 18. When the controller 18 receives the 
incoming signal, the controller 18 judges whether 
or not the Incoming signal is a call signal specific 
to the mobile radio telephone set Only when the 
incoming signal is the call signal specific to the 



mobile radio telephone set, the controller 18 drives 
not only the receiving circuit 13 and the local 
oscillator 15 but also the transmitting circuit 14 to 
put each of the receiving circuit 13, the local os- 

s dilator 15, and the transmitting circuit 14 into an 
operation stats. In this event the local oscillator 15 
supplies the receiving circuit 13 and the transmit- 
ting circuit 14 with another frequency signal which 
specifies one of communication or speech chan- 

10 nels. As a result the mobile radio telephone set is 
put Into the communication mode of operation in 
which the mobile radio telephone set can transmit 
and receive a communication signal to and from 
the fixed station through the above-mentioned one 

15 of the communication channels by the use of the 
microphone and the speaker portions 17 and 16. 
As is known in the art the controller 18 also drives 
a tone generator (not shown) to make the tone 
generator generate a call tone when the controller 

so 1 8 judges that the incoming signal Is the call signal 
specific to the mobile radio telephone set 

The mobile radio telephone set can also be put 
into the communication mode of operation when 
the key input portion 19 is manually operated by a 

25 user of the mobile radio telephone set En order to 
start communication with the fixed station. When 
the key input portion 19 is operated so as to start 
communication with the fixed station, the key input 
portion 1 9 generates a communication start signal. 

30 Responsive to the communication start signal, the 
controller 18 drives the transmitting circuit 14 in 
addition to the receiving circuit 13 and the local 
oscillator 15 in a similar manner described above. 
At any rate, the transmitting circuit 14 is not 

35 put Into the operation state at the waiting mode of 
operation but put into the operation state in the 
communication mode of operation. The mobile ra- 
dio telephone set consumes a first quantity of 
electricity at the waiting mode and a second quan- 
go tity of electricity in the communication mode. The 
first quantity is less than the second quantity. The 
first quantity of electricity per unit Hme will be 
referred to as a first current rate while the second 
quantity of electricity per unit time will be referred 

46 to as a second current rate. The first and the 
second current rates are, for example, two hundred 
milliamperes and two amperes, respectively. 

The battery status indicating arrangement is for 
indicating a status of consumption of the battery 20 

so and comprises a memory 21 for memorizing first 
and second current rate signals representative of 
the first and the second current rates at which the 
mobile radio telephone set Is controllably put into 
the waiting and the communication operation 

56 modes, respectively. Summarizing, the memory 21 
memorizes a current rate signal representative of a 
current rate at which the mobile radio telephone set 
is controllably put Into operation. 
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The battery status indicating arrangement fur- 
ther comprises a measuring circuit 22 coupled to 
the mobile radio telephone set for measuring a 
total time interval during which the mobile radio 
telephone set is put into operation. The measuring 
circuit 22 thereby produces a time duration signal 
indicative of the total time interval. More specifi- 
cally, the measuring circuit 22 comprises an in- 
tegrating circuit 23 coupled to the mobile radio 
telephone set for integrating or totalizing the total 
time interval to produce the time duration signal 
and a resetting circuit 24 connected to the integrat- 
ing circuit 23 for resetting the time duration signal 
to an initial duration signal indicative of zero as the 
total time interval when the battery 20 is detached 
from the mobile radio telephone set 

Alternatively, such a resetting operation for the 
integrating circuit 23 may be carried out by a 
manual operation of a user of the mobile radio 
telephone set when a new battery is attached to 
the mobile radio telephone set as the battery 20 
instead of an old battery. For this purpose, the key 
input portion 19 produces a resetting signal when 
the key input portion 19 Is manually operated by 
the user in order to carry out the resetting opera- 
tion for the integrating circuit 23. Responsive to the 
resetting signal, the controller 18 carries out the 
resetting operation for the Iptegrating circuit 23 
instead of the resetting circuit 24. 

The integrating circuit 23 of the measuring 
circuit 22 comprises first and second partial mea- 
suring circuits 25 and 26. Being coupled to the 
mobile radio telephone set, the first partial measur- 
ing circuit 25 measures a first total time interval 
during which the mobile radio telephone set is put 
into the waiting or first mode of operation. The first 
partial measuring circuit 25 thereby produces a first 
time duration signal indicative of the first total time 
interval. Likewise, the second partial measuring cir- 
cuit 26 is coupled to the mobile radio telephone set 
and measures a second total time interval during 
which the mobile radio telephone set is put into the 
communication or second mode of operation. The 
second partial measuring circuit 26 thereby pro- 
duces a second time duration signal indicative of 
the second total time interval. Each of the first and 
the second partial measuring circuits 25 and 26 
may be a tinner known in the art 

Coupled to the memory 21 and to the measur- 
ing circuit 22, an arithmetic circuit 27 multiplies the 
current rate signal and the time duration signal to 
produce a multiplied signal representative of a 
product of the current rate and the total time inter- 
val. The multiplied signal is used as a status signal 
representative of a calculated status for the battery 
20. 

More specifically, the arithmetic circuit 27 com- 
prises first and second multipliers 29 and 30 and 



an adder 31 . Coupled to the memory 21 and to the 
first partial measuring circuit 25. the first multiplier 
29 muttiplies the first current rate signal and the 
first time duration signal. The first multiplier 29 
5 thereby produces a first multiplied signal repre- 
sentative of a first product of the first current rate 
and the first total time interval. 

Likewise, the second multiplier 30 is coupled to 
the memory 21 and to the second partial measur- 
io ing circuit 26 for multiplying the second current 
rate signal and the second time duration signal. 
The second multiplier 30 thereby produces a sec- 
ond multiplied signal representative of a second 
product of the second current rate and the second 
is total time interval. 

The adder 31 is coupled to the first and the 
second multipliers 29 and 30. The adder 31 adds 
the first and the second multiplied signals to make 
the status signal represent a sum of the first and 
20 the second products. 

Thus, a combination of the memory 21 and the 
arithmetic circuit 27 serves as a processing circuit 
coupled to the measuring circuit 22. Responsive to 
the time duration signal supplied from the measur- 
25 Ing circuit 22. the processing circuit processes the 
total time Interval into the calculated status for the 
battery 20 to produce the status signal representa- 
tive of the calculated status. 

Responsive to the status signal, an Indicator 32 
30 of. for example, a visual display unit indicates the 
status of consumption based on the calculated 
status. For example, the indicator 32 indicates, by 
the use of a bar graph, the sum of the first and the 
second products as a consumed quantity of elec- 
35 tricfty which the mobile radio telephone set con- 
sumes up to the present time. In the bar graph, a 
bar is displayed to have a short bar length when 
the consumed quantity of electricity is great 
Therefore, the bar has a maximum bar length when 
40 a new battery is attached to the mobile radio tele- 
phone set instead of the battery 20 illustrated in 
Fig. 1. It is preferred to make the indicator 32 
further indicate a using limit mark indicative of a 
using limit of the battery 20. 
45 A value of percentage of the consumed quan- 
tity of electricity to maximum quantity of electricity 
of the battery 20 may be indicated instead of the 
bar graph. Alternatively, indication may be made as 
regards another value of percentage of a remaining 
so amount of energy convertible to electricity to the 
maximum amount of the energy. The indicator 32 
may indicate how long the mobile radio telephone 
set can further be put into operation by the battery 
20. More specifically, the indicator 32 may indicate 
65 how long the mobile radio telephone set is put into 
either the waiting operation mode or the commu- 
nication operation mode by the battery 20. 

It may be apparent that the electric current is 
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supplied from the battery 20 to the memory 21 , the 
Integrating circuit 23, the resetting circuit 24, the 
arithmetic circuit 27, and the indicator 32 when the 
battery 20 is attached to the mobile radio tele- 
phone set 

Referring to Fig. 2, a battery status Indicating 
arrangement according to a second embodiment of 
this invention is also for use in the mobile radio 
telephone set. The battery status indicating ar- 
rangement is similar to the battery status indicating 
arrangement illustrated in Fig. 1 except that a dif- 
ferent arithmetic circuit 33 ts included in the con- 
troller 18 instead of the arithmetic circuit 27 Illus- 
trated in Fig. 1 and that a consumed current sum- 
ming circuit 34 is coupled to the arithmetic circuit 
33 Instead of the measuring circuit 22, 

The arithmetic circuit 33 comprises a reading 
circuit 35 coupled to the memory 21 for periodi- 
cally reading the current rate signal out of the 
memory 21 at a predetermined time interval of, for 
example, a unit time while the mobile radio tele- 
phone set Is controllably put Into operation. The 
reading circuit 35 thereby produces a read-out 
signal having a form of a succession of the current 
rate signals. The unit time is, for example, one 
second. 

In this event, the reading circuit 35 periodically 
reads the first current rate signal out of the mem- 
ory 21 at the predetermined time interval while the 
mobile radio telephone set is controllably put Into 
the waiting or the first mode of operation. The 
reading circuit 35 thereby produces a first read-out 
signal having a form of a succession of the first 
current signals. While the mobile radio telephone 
set is controllably put Into the communication of 
the second mode of operation, the reading circuit 
35 periodically reads the second current rate signal 
out of the memory 21 at the predetermined time 
interval to thereby produce a second read-out sig- 
nal having another succession of the second cur- 
rent rate signals. 

The consumed current summing circuit 34 
comprises a consumed current integrating circuit 
39 responsive to the read-out signal for summing 
up the current rates to produce a sum signal repre- 
sentative of a sum of the current rates. Connected 
to the consumed current integrating circuit 39, a 
resetting circuit 40 Is for resetting the sum signal to 
an initial signal indicative of zero. 

More specifically, the consumed current in- 
tegrating circuit 39 of the consumed current 'sum- 
ming circuit 34 comprises first and second partial 
summing circuits 41 and 42. The first partial sum- 
ming circuit 41 sums up the first current rates in 
response to the first read-out signal to produce a 
first sum signal representative of a first sum of the 
first current rates. Likewise, the second partial sum- 
ming circuit 42 sums up the second current rates 



In response to the second read-out signal to pro- 
duce a second sum signal representative of a sec- 
ond sum of the second current rates. Each of the 
first and the second partial summing circuits 41 

s and 42 may be an up counter known in the art 

Coupled to the first and the second partial 
summing circuits 41 and 42. an adding circuit 43 
adds the first and the second sum signals to make 
the status signal represent a total sum of the first 

ro and the second sums. In other words, the adding 
circuit 43 is operable as a supplying circuit respon- 
sive to the sum signal for supplying the sum signal 
to the indicator 32 as the status signal. 

Thus, a combination of arithmetic circuit 33 

is and the consumed current summing circuit 34 
serves as a current rate processing circuit respon- 
sive to the current rate signal for processing the 
current rata into a calculated status for the battery 
20 to produce a status signal representative of the 

20 calculated status. 

Referring to Fig. 3, a battery status indicating 
arrangement according to a third embodiment of 
this invention is for use in another electronic circuit 
50. The electronic circuit 50 is controllably put into 

25 operation by electric current supplied from a bat- 
tery 51 with a varying level. The battery 51 is a 
secondary battery of, for example, a nicke [-cad- 
mium battery. 

The battery status indicating arrangement is for 

30 indicating a status of consumption of the battery 51 
and comprises a pulse producing circuit 52 coup- 
led to the electronic circuit 50. Responsive to the 
electric current, the pulse producing circuit 52 pro- 
duces a pulse sequence of a pulse repetition pe- 
as rtod which decreases in proportion to the varying 
level. It will be assumed that the pulse producing 
circuit 52 produces ten pulses per T seconds when 
the electric current has a level of one ampere, 
where T represents a positive integer. In this case, 

40 the pulse repetition period is equal to T/10. When 
the electric current has a level of 1/10 amperes, the 
pulse repetition period is equal to T. 

Coupled to the electronic circuit 50, a mode 
signal producing circuit 53 produces a discharge 

45 mode signal of a logic "O" level when the elec- 
tronic circuit 50 Is put into operation. When the 
electronic circuit 50 Is put Into operation, the bat- 
tery 51 is put into a discharge mode at which the 
battery 51 supplies the electric current to the elec- 

go tronlc circuit 50. When the battery 51 ts put into a 
charge mode at which the battery 51 is subjected 
to a charge operation, the mode signal producing 
circuit 53 produces a charge mode signal of a logic 
-1 " level. The battery 51 is put into the charge 

ss mode by a user of the electronic circuit 50 when 
the electronic circuit 50 Is not put into operation. 

An up/down counter 54 Is coupled to the pulse 
producing circuit 52 and to the mode signal pro- 
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during circuit 53. On reception of the charge mode 
signal, the up/down counter 54 is operable as an 
up counter in the manner which will presently be 
described. On reception of the discharge mode 
signal, the up/down counter ^54 is operable as a 
down counter in the manner which will also pres- 
ently be described. 

The up/down counter 54 has a clock input 
terminal labelled "CLK", a signal input terminal 
labelled "U/D\ and an output terminal labelled 
"Qn". The clock and the signal input terminals are 
connected- to the pulse and the mode signal pro- 
ducing circuits 52 and 53, respectively. 

It will be assumed that the up/down counter 54 
has a particular count when the battery 51 is put 
into the charge mode by the user of the electronic 
circuit 50. In this case, the up/down counter 54 is 
supplied with the charge mode signal and the 
pulse sequence to the signal input terminal U/O 
and the dock input terminal CLK, respectively- As 
a result the up/down counter 54 counts up the 
particular count to an Increased count In response 
to the pulse sequence and gives the output termi- 
nal a counted up signal representative of the in- 
creased count When the charge operation of the 
battery 51 comes to an end, the increased count 
indicates a maximum count. 

When the battery 51 is put into the discharge 
mode, the up/down counter 54 is supplied with the 
discharge, mode signal and trie pulse sequence to 
the signal input terminal U/D and the clock input 
"terminal CLK, respectively. The maximum count 
serves as an initial count The up/down counter 54 
counts down from the maximum count to a re- 
duced count in response to the pulse sequence 
and supplies the output terminal with a counted 
down signal representative of the reduced count 
Each of the counted up signal and the counted 
down signal will be referred to simply as a count 
signal. 

it should be understood that a combination of 
the pulse producing circuit 52 and the up/down 
counter 54, when put into the discharge mode, 
serves as a measuring circuit coupled to the elec- 
tronic circuit 50. The measuring circuit measures a 
total time interval during which the electronic circuit 
50 is put into operation, namely, the discharge 
mode of the battery 51. The total time interval is 
specified by the reduced count of the up/down 
counter 54. The measuring circuit thereby pro- 
duces a time duration signal indicative of the total 
time Interval. The up/down counter 54 produces the 
count signal as the time duration signal. 

A Judging circuit 55 is coupled to the up/down 
counter 54 and Is given a plurality of reference 
signals representative of reference counts, respec- 
tively, which win presently become clear. Respon- 
sive to the count signal, the judging circuit 65 



judges whether or not the increased count reaches 
any one of the reference counts to produce a 
status signal representative of this one of the refer- 
ence counts. Likewise, the judging circuit 55 judges 
s whether or not the reduced count reaches any one 
of the reference counts to produce the status sig- 
nal. 

Thus, the judging circuit 55 serves as a pro- 
cessing circuit Responsive to the time duration 
jo signal, namely, the count signal, the processing 
circuit processes the total time interval, namely, the 
reduced count into a calculated status for the 
battery 51 to produce a status signal representative 
of the calculated status, 
is Responsive to the status signal, an indicator 56 
indicates a value of percentage of a remaining 
amount of energy of the battery 51 to a maximum 
amount of the energy. The maximum amount of the 
energy corresponds to the maximum count which 
so is obtained by the up/down counter 54 when the 
charge operation of the battery 51 comes to an 
end. The remaining amount corresponds to one of 
the reference counts that either the increased count 
or the reduced count reaches. Thus, the indicator 
25 56 indicates, in response to the status signal, the 
status of consumption based on the calculated 
status like the indicator 32 illustrated in Fig. 1. 

Referring to Rg. 4. a battery status indicating 
arrangement according to a fourth embodiment of 
so this invention is also for use in the electronic circuit 
50. The battery status indicating arrangement com- 
prises similar parts designated by like reference 
numerals. The battery status indicating arrange- 
ment further comprises first and second compea- 
rs sating circuits which will be described hereunder. 

Description will be made at first as regards the 
first compensating circuit When the electronic cir- 
cuit 50 is put into operation, the battery 51 is put 
into the discharge mode at which the battery 51 
40 supplies the electric current to the electronic circuit 
50 as mentioned above. However, energy of the 
battery 51 can not entirely be used as the electric 
current supplied to the electronic circuit 50. Ac- 
tually, a part of energy of the battery 51 is inevi- 
45 tably lost as a sell-discharge component when the 
battery 51 is put into the discharge mode. More- 
over, the se tf -discharge component changes in ac- 
cordance with an ambient temperature of the bat- 
tery 51. The self-discharge component becomes 
so large as the ambient temperature becomes high. 

The first compensating circuit is for compen- 
sating for such a change of the self-discharge 
component. The first compensating circuit com- 
prises a temperature sensor 57 for detecting the 
55 ambient temperature to produce a detection signal. 

Responsive to the detection signal, a first clock 
generator 58 produces a first dock pules sequence 
of a pulse repetition period which increases in 
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proportion to the ambient temperature. Each pulse 
of the first clock pulse sequence has a pulse width 
substantially equal to that of each pulse of the 
pulse sequence produced by the putss producing 
circuit 52. The pulse repetition period of the first 
clock pulse sequence is considerably longer than 
the pulse repetition period of the pulse sequence 
produced by the pulse producing circuit 52. This Is 
because the self-discharge component is much 
less than that energy of the battery 51 which Is 
used as the electric current supplied to the elec- 
tronic circuit 50. The first clock generator 58 is of, 
for example, an oscillator having a capacitor and a 
resistor. 

A first AND circuit 59 is coupled to the first 
clock generator 58 directly and the mode signal 
producing circuit 53 through an inverter circuit 60. 
Responsive to the first clock pulse sequence and 
the discharge mode signal of a logic "0" level, the 
first AND circuit 59 carries out an AND operation of 
the first clock pulse sequence and an inverted 
signal of the discharge mode signal to produce a 
first AND signal. The first AND signal is supplied to 
the clock input terminal CLK of the up/down coun- 
ter 54 through an OR circuit 61 . 

Thus, the first compensating circuit compen- 
sates for the change of the self-discharge compo- 
nent of the battery 51. 

Description will proceed to the second com- 
pensating circuit The second compensating circuit 
is for compensating for a change of a capacity of 
the battery 51 . 

Turning to Fig. 5, description will be made as 
regards the change of such a battery capacity. The 
battery capacity changes depending an the am- 
bient temperature. The battery capacity becomes 
maximum when the ambient temperature is twenty 
degrees Celsius. The battery capacity decreases 
as the ambient temperature becomes lower or 
higher than twenty degrees. 

Turning back to Fig. 4, a second clock gener- 
ator 62 is coupled to the temperature sensor 57 
and to the mode signal producing circuit 53. Re- 
sponsive to the detection signal and either the 
charge mode signal or the discharge mode signal, 
the second clock generator 62 produces a second 
clock pulse sequence of a predetermined pulse 
repetition period. The predetermined pulse repeti- 
tion period of the second clock pulse sequence Is 
selected so as to become considerably longer than 
the pulse repetition period of the pulse sequence 
produced by the pulse producing circuit 52. Each 
pulse of the second clock pulse sequence has a 
pulse width which varies In accordance with the 
ambient temperature and In dependency upon re- 
ception of either the charge mode signal or the 
discharge mode signal In the manner which will be 
described hereunder. 



Turning to Fig. 6, description will proceed to 
the pulse width of each pulse of the second clock 
pulse sequence. Description will be made at first 
about a case where the battery 51 (Fig. 4) is put 

s into the charge mode. When the ambient tempera- 
ture is a low temperature lower than normal tem- 
perature, each pulse of the second clock pulse 
sequence has a pulse width Wcl as depicted along 
a top line. As depicted along a middle line, each 

ro pulse of the second clock pulse sequence has a 
pulse width Wen when the ambient temperature is 
normal temperature. When, the ambient Is a high 
temperature higher than normal temperature, each 
pulse of the second clock pulse sequences has a 

is pulse width Wch as depleted along a bottom line. 

Each of the pulse widths Wcl and Wch is 
shorter than the pulse width Wen. The pulse widths 
Wcl, Wen, and Wch are controlled by the detection 
signal produced by the temperature sensor 57 (Fig. 

20 4). 

When the ambient temperature changes from 
normal temperature to the high temperature during 
the battery 51 Is subjected to the charge operation, 
the battery capacity decreases as mentioned 

25 above. This is equivalent to decrease of the 
amount of electric current to be stored In the 
battery 51 as chemical energy. 

Description will proceed to another case where 
the battery 51 is put Into the discharge mode. 

30 When the ambient temperature is the low tempera- 
ture, each pulse of the second clock pulse se- 
quence has a pulse width Wdl as depicted along a 
top line. As depicted along a middle line, each 
pulse of the second clock pulse sequence has a 

as pulse width Wdn when the ambient temperature is 
normal temperature. When the ambient tempera- 
ture becomes equal to the high temperature, each 
pulse of the second clock pulse sequence has a 
pulse width Wdh as depicted along a bottom line. 

40 Each of the pulse widths Wdl and Wdh is 
longer than the pulse width Wdn. The pulse widths 
Wdl, Wdn, and Wdh are controlled by the detection 
signal produced by the temperature sensor 57. The 
pulse width Wdn Is substantially equal to the pulse 

45 width Wen. 

Turning back to Fig. 4, a second AND circuit 
63 is coupled to the second clock generator 62 and 
to the pulse producing circuit 52. Responsive to the 
second clock pulse sequence and the pulse se- 

50 quence produced by the pulse producing circuit 
52, the second AND circuit 63 carries out an AND 
operation of the second clock pulse sequence and 
the pulse sequence produced by the pulse produc- 
ing circuit 52. The AND circuit 63 thereby produces 

55 a second AND signal. 

Responsive to the second AND signal and to 
the first AND signal produced by the first AND 
circuit 59, the OR circuit 61 carries out an OR 
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operation of the first and the second AND signals 
to produce an OR signal. The OR signal is supplied 
to the clock input terminal CLK of the up/down 
counter 54. 

Thus, the second compensating circuit com- 
pensates for the change of the capacity of the 
battery 51 in accordance with the ambient tem- 
perature. 

White this invention has thus far been de- 
scribed in conjunction with a few embodiments 
thereof, it will readily be possible for those skilled 
in the art to put this invention into practice in 
various other manners. For example, this invention 
is applicable to a radio pager receiver which is 
controllably put into a waiting mode of operation by 
a battery. This invention is further applicable to a 
mobile radio telephone set which is controllably put 
into a plurality of transmission modes of operation. 
At each of the transmission modes, the mobile 
radio telephone set needs different electric power 
or energy to transmit a transmission signal. At any 
•rate, the scope of this invention is never restricted 
by the number of modes of operation of the elec- 
tric circuit 



Claims 

1. A battery status Indicating arrangement for 
use in an electronic circuit which is controllably put 
into operation by a battery, said battery status 
Indicating arrangement being for indicating a status 
of consumption of said battery, wherein the im- 
provement comprises: 

measuring means coupled to said electronic circuit 
for measuring a total time Interval during which 
said electronic circuit Is put into operation, said 
measuring means thereby producing a time dura- 
tion signal indicative of said total time interval; 
processing means responsive to said time duration 
signal for processing said total time interval into a 
calculated status for said battery to produce a 
status signal representative of said calculated sta- 
tus; and 

indicating means responsive to said status signal 
for indicating said status of consumption based on 
said calculated status. 

2. A battery status indicating arrangement as 
claimed in Claim 1 , wherein said measuring means 
comprises: 

integrating means coupled to said electronic circuit 
for measuring said total time interval to produce 
said time duration signal; and 
resetting means connected to said integrating 
means for resetting said time duration signal to an 
initial duration signal indicative of zero as said total 
time interval. 



3. A battery status indicating arrangement as 
claimed in Claim 1, wherein said processing means 
comprises: 

memory means for memorizing a current rate sig- 
5 nal representative of a current rate at which said 
electronic circuit is controltebty put into operation; 
and 

arithmetic means coupled to said memory means 
and to said measuring means for multiplying said 
10 current rate signal and said time duration signal to 
produce a multiplied signal representative of a 
. product of said current rata and said total time 
interval as said status signal. 

4. A battery status indicating arrangement as 
15 claimed in Claim 3, said electronic circuit being 

controllably put into a first and a second mode of 

operation by said battery, wherein: 

said measuring means comprises: 

first partial measuring means coupled to said elec- 

20 tronic circuit for measuring a first total time interval 
during which said electronic circuit is put into said 
first mode, said first partial measuring means there- 
by producing a first time duration signal indicative 
of said first total time interval; and 

25 second partial measuring means coupled to said 
electronic circuit for measuring a second total time 
interval during which said electronic circuit is put 
into said second mode, said second partial mea- 
suring means thereby producing a second time 

30 duration signal indicative of said second total time 
interval; 

said processing means processing. In response to 
said first and said second time duration signals, 
said first and said second total time Intervals into 
as said calculated status for said battery to produce 
said status signal. 

5. A battery status Indicating arrangement as 
claimed in Claim 4, wherein: 

said memory means is for memorizing a first and a 
40 second current rate signal representative of a first 
and a second current rate at which said electronic 
circuit is controllably put into said first and said 
second modes, respectively; 
said arithmetic means comprising: 
45 first multiplying means coupled to said memory 
means for multiplying said first current rate signal 
and said first time duration signal to produce a first 
multiplied signal representative of a first product of 
said first current rate and said first total time inter- 
so val; 

second multiplying means coupled to said memory 
means for multiplying said second current rate 
signal and said second time duration signal to 
produce a second multiplied signal representative 
55 of a second product of said second current rate 
and said second total time interval; and 
adding means coupled to said first and said sec- 
ond multiplying means for adding said first mufti- 
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plied signal and said second multiplied signal to- 
gether to make said status signal represent a sum 
of said first and said second products. 

6. A battery status Indicating arrangement as 
claimed in Claim 1, said electronic circuit being 
controllably put into operation by electric current 
supplied from said battery with a varying level, 
wherein said measuring means comprises: 
producing means coupled to said electronic circuit 
and responsive to said electric current for produc- 
ing a pulse sequence of a pulse repetition period 
which changes in proportion to said varying level; 
and 

counting means coupled to said producing means 
and given an initial count for counting down said 
initial count to a reduced count in response to said 
pulse sequence to produce a count signal repre- 
sentative of said reduced count as said time dura- 
tion signal. 

7. A battery status indicating arrangement for 
use in an electronic circuit which is controllably put 
into operation by a battery, said battery status 
indicating arrangement being for indicating a status 
of consumption of said battery, wherein the Im- 
provement comprises: 

memory means for memorizing a current rate sig- 
nal representative of a current rate at which said 
electronic circuit is controllably put into operation; 
current rate processing means responsive to said 
current rate signal for processing said current rate 
into a calculated status for said battery to produce 
a status signal representative of said calculated 
status; and 

indicating means responsive to said status signal 
for indicating said status of consumption based on 
said calculated status. 

B. A battery status indicating arrangement as 
claimed in Claim 7, wherein said current rate pro- 
cessing means comprises: 

reading means for periodically reading said current 
rate signal out of said memory at a predetermined 
time interval while said electronic circuit Is control- 
labiy put into operation, said reading means there- 
by producing a read-out signal having a form of a 
succession of said current rate signals; summing 
means responsive to said read-out signal for sum- 
ming up said current rates to produce a sum signal 
representative of a sum of said current rates; and 
supplying means responsive to said sum signal for 
supplying said sum signal to said indicating means 
as said status signal. 

9. A battery status indicating arrangement as 
claimed in Claim 8, wherein said summing means 
comprises: 

integrating means responsive to said read-out sig- 
nal for summing up said current rates to produce 
said sum signal; and 



resetting means connected to said integrating 
means for resetting said sum signal to an initial 
signal indicative of zero. 

10. A battery status indicating arrangement as 
5 claimed in Claim 7, said electronic circuit is con- 
trollably put into a first and a second mode of 
operation by said battery, wherein: 

said memory means Is for memorizing a first and a 

second current rate signal representative of a first 
io and a second current rate at which said electronic 

circuit is controllably put into said first and said 

second modes, respectively; 

said current rate processing means processing, in 

response to said first and said second current rate 
is signals, said first and said second current rates into 

said calculated status for said battery to produce 

said status signal. 

11. A battery status indicating arrangement as 
claimed in Claim 10, wherein said current rate 

20 processing means comprises: 

reading means for periodically reading said first 
and said second current rate signals out of said 
memory at a predetermined time interval while said 
electronic circuit is controllably put into said first 

26 mode and while said electronic circuit is control- 
lably put into said second mode, respectively, said 
reading means thereby producing a first read-out 
signal having a form of a succession of said first 
current rate signals and a second read-out signal 

30 having another form of another succession of said 
second current rate signals, respectively; 
first partial summing means responsive to said first 
read-out signal for summing up said first current 
rates to produce a first sum signal representative of 

35 a first sum of said first current rates; 

second partial summing means responsive to said 
second read-out signal for summing up said sec- 
ond current rates to produce a second sum signal 
representative of a second sum of said second 

40 current rates; and 

current rate adding means coupled to said first and 
said partial summing means for adding said first 
and said second sum signals together to make said 
status signal represent a total sum of said first and 

45 said second sums. 
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